This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



STIC-ILL Q££I31a1£^^^ 



From: Hunt, Jennifer 

Sent: Tuesday, February 13, 2001 1:01 PM 

To: STIC-ILL 

Subject: Reference Request for 09/302,434 



Please send nne the following ASAP: 

Cell Biophysics (1994) 24-25 51-63 

Cancer Research 54(8) 2151-9 Apr 15 1994 

British Jo urnal of Cancer 65 (2) 234-8 Feb 1992 

^ ' ■ 

Bioconjugate Chennistry 5(5) pages 411-7 Sep-Oct 1994^^^^ 

Cancer 73 (3 SuppI) pages 1 1 14-20 Feb 1 1994 

Cancer Research 53(17) pages 3956-63 Sep 1 , 1993 

Bioconjugate Chemistry 3 (1) pages 42-8 Jan-Feb 1992 

Cancer Immunology, Immunotherapy 34 (5) pages 343-8 1992 

Thanks. 
Jennifer Hunt 

Patent Examiner, Art Unit 1642 

CM1-8D06 

(703)308-7548 



1 



Bioconjugate Chem. 1994, 5. 411^1? 



411 



Sit -Sp cific Coiyugation of an Enzyme and an Antibody Fragm nt 

WeL't':^^^^^^^^^'' ^^'^^ ^-^'^ Bla'^ey.* Helen Shuttleworth.* 

Medicale. Centre Medical Universitaire, 1 rue Michel Servet 

M.Z'SS^:^^'^S^;£tX Mereside. 
Porton Down. Salisbury. WilSi;?rTkp4 Sj^^^^ ^SiS'p^ZS' sffs^f ^H^^S/CAMR. 

^nu!3SttS^rSftdT^^^^^ F(ab',-like fragn^ent of the monoclonal 

an N-tenninal Thr if plale of C Fi^t STddeKde ^2 pus»es.ing 



INTRODUCfrON 

Antibody-directed enzyme prodrug' therapy (ADUPT)' 
• IS a^technique.which uses a coiyugate corisistiiig of an 
antibody (or. antibody fragment) bound to an enzyme to 
enhance the. therapeutic benefit of chemotherapy by 
converting i/i stti/ a nontoxic prodrug to a toxic drug (for 
a, recent :revie\y, see Senter et al. (1993)). * At present 
• most immunpconjugates are prepared - by introducing 
> coiaplementary^reactive groups into the.protein partners 
via acylatipn of lysine side chains with heterobifiincUonal 
. reagents (fpr .a recent review of this technology, see 
, Bnnldey (19?2». By controlling the extent of acylation 
and then- purifying the coixjugate according to its size ■ 
, useful heterbdimers can- be prepared. -However, the 
cpnjugates.obtained through this approach consist gener- 
ally of a mixture of isomers each linked through different 
residues, and each isomer may potentially have a differ- 
ent biological activity. Recently, techniques have been 
>despnbed which permit the introduction of a hydrazide 
group selectively at C-termini of proteins by reverse 
proteolysis (Rose et al., 1991;,Fisch et al.. 1992) and the 
introduction, of an aldehyde group at .the N-tenhinus of 
a protein :(\yhen this is occupied by Ser or Thr see 
. Scheme 1) through mild periodate oxidation of the 1 2 
amino-ol characteristic of these residues when in the 
N-terminal. position (Geoghegan andvStroh; 1992, and 
references cited , therein). As shown. ^in Scheme 2 hy- 
dTpzide and ,^dehyde groups are able to react specifically 
with each other to give a hydrazone, and this can be 
exploited m theconstruction of protein conjugates (Rose 
,ei ai., 1991), , The combination of these two techniques 
allows the .construction, via hydrazone formation, of 

' Centre M^dickl Universitaire. 
» Zeneca Pharmaceuticals. 
•PHLS/CAMB. 
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?q"oTi! 1"^!"*^ "^^^ ^ backbone (Gaertner 
et aJ., 1992) by head.t^>-tail conjugation without the need 
IS^K-- °^ In the present.pajjer; we have ' 

applied this a^rpjch to. the preparati^^ doiyugate 

•pf^^lSfif^^^;- Wei^lescribe theconjugatibn of art 
*(ab )2-like fragment of, the monoclonal anti-CEA IbGI 
^sTrpAf ''2^^- the..enzyme carbo^eptidaie.' 
, G2 (CPG2), which 18 known to be able to convert nontbidc 
•..,R™d^.g^^:Qto toju^drugs (^^^^^ Bt al,. 1^88).. Con.: 
jugates or these two proteins have already beeii shiwi" " 
to be of interest, for ADEPT (Sharma et al.. Id91) 
ConjuptipnU achieved via the formati m. of a hydrazine 
,,.bond .between .the :G-terminu8 of. the trincaie'dlheaw 
. Cham of the i;(ab'.)2,and the N-terininus dfa mutant of' 
. the carboxj^eptids^e havjng .an N-te.rminij,thr»o,ni.n^^^^ . 

'^^^'I.?*?-' Except where otherWise spedfieid, sOlVent 

• ^™ reagents .were' of analytical gr^de.br' bettii-, were' ' 

• Obtained froni;cpmlmercial sources.' and were iised with'^' ' 

• put further/purificatibn. . The pH of solutiofas was adi ' 

justed^t^room temperature (about 22 °C): Urea was 
purified by passing an 8 M sblution through a columh 
packed vnthSerdoliT;MB3.(Serva)just prior t^ Lysyl^ 
endopeptidase (2:3 U/mg,'!amidase activity ^iisihg AT"; = 
benzoyl-DL-lysine-p*itManilide; as substrate) frt^ 
romobacterlyticmyn^^ obtained' from Wako' Pur^ Cheini- 

'^,.P^J^^^.9^"*>^y^- The ASBT IgCJi murine ' 
antibody wasfobtairied from CRC (Sutton, U.K.) is a 5 4' 
mg/mi:, solution in phosphate^biiffered saline; . V' 

Geiiei^ Methods. The emymic ictivity oif CPG2 Was 
assayed as previously described (Sherwood et al:, 1985) 
except that the inaction was carried out at room tem- 
perature. 

The binding activity of the conjugate was measured 
ma competitive binding assay, using an alkaline phos- 
phatase-labeled A5B7 standard. Briefly, 96-well ELISA 
plates were coated, with CEA (0.l 7«g/well) foUowed by 
the addition of mixtures of conjugate (10-0.5 «g/mL) and 
labeled A5B7(l;,g/mL). After 90 min unbouidantibody 
was removed and the amount of labeled A5B7 bound was ' 
detenmned by addition ofp-nitrophenyl phosphate (Sigma) 
and measurement of the absorbance at 405 nm The 
abihty of the conjugate to compete with the labeled A5B7 
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Scheme 1 

HO-CHR 

H2N.CH-C0NH-/>/?0r£/yV-0H + IO4 — > 0=CH-C HH-PROTEIN-OH + NH3 + IO3 + RCHO 



Werlen et al. 



(R = H, Ser; R = CH3 , Thr) 



Scheme 2 



PROTEINl-com-mz + o^CH-PROTEfN2 ^ PROTEIN] -coim'ti^CH-PROTE/N2 + H20 



for binding to CEA was compared to intact unlabeled 
A5B7 to give a percent binding activity relative to 
unconjugated antibody. 

Protein solutions were concentrated on Ceuuitiiep 10 
or Centiricon 10 devices following the instructions of the 
manufacturer (Amicon). Since glycerol could interfere 
with periodate oxidation, when necessary, the glycerol 
present as- protecting agent for the membrane was 
removed by rinsing the concentrator three times with , 
water and three times with the buffer to be used for the 
concentration and then by passing fresh buffer through 
the membrane twice prior to the concentration step. 

Electrophoresis on polyacrylamide gels in SDS (SDS- 
PAGE) was performed on Pharmacia Phast system using 
8-25% gradient gels, and proteins were detected with 
the silver nitrate procedure according to the recom- 
ihendatiohs of the/nianufactiirer. ' . ' • 

Desaltiiig was performed^on a Pharmacia* FPLC^s 
uising a HRlO/10 fast desalting column. The same system 
was used for gel filtration using a Superdse 12 HR 10/30 
coluipin and for. ion exchange chromatojgr'aphji^ with a* 
M6nrS:HR5/5 bolunm. j;;: . 

This samples for electrospray ionization mass spec- 
• Ironietiy (ESMS) were dialyzed agaihst lO-mM-^dithio- • 
threitol. ESMS was performed as previbiisly described 
;(Vilaseca;et al., 1993). ^ ' • ; 

' Prep£^atibn of the Threonine N-termin ' 
The N-temmal Ala was repilac^^ 
: PGR .technology (McPherson et al.; :i993')' with .two ' 
mutagenic bligonudeotides: ia 26bp oKgbhucledtide tomple- * 
mentaiy to the DNA sequence immediately downstream ^ 
of the CPG2 translational terminus, which introduced a 
mutagenic Hind * III ' restriction site, and a second 30bp 
bligohucleptide' complemehtaiy to the nucleotide se- - 
quence ipf the 5? end of CPG2 gene, which' coded for the 
;Ala';lK) Thr codon change/and also iiitrdduceci a 5ca 1 
restrictioa site across the DNA coding for the peptidase 
cleaviage site of the immature CPG2 (see Figure^ The* - 
presehce.^f these two unique restriction enzj^e: sites- 
facilitated tiie cloning of the 1.15 kb (threonirie'mutant) 
CPG2 gene into the Nae l-flind HI sites ofk specifically : 
designed secretion vector: pMTL3223 (manuscript in 
preparation) to give the recombinant vectorlpCPSS. The 
mutant CPG2 was expressed in E. co/i MCI 061 trans- 
formed with pCPS3. Cultures were grown overnight' in . 
1 L of Lrbrpth containing 30 ^^xnL of chloramphenicol. 
The cells were harvested by centrifugation (6000^ for 20 
min) and then resuspended in 10 mL of 10 mM sodium 
acetate pH 5.5 and sonicated (MSE sonipirep 150, 3 x 20 
s. amp 18 /im). The cell debris was removed by centrifu- 
gatioh (1700(fe for 45 min) and the supernatent contain- 
ing CPG2 collected for further purification. 

Purification f Mutant CPG2. The enzyme was 
purified to homogeneity, as judged by SDS-PAGE (Fig- 
ure 2, lane 8),. from the c 11 supernatant by a two-step 
ion-exchange chromatography method. The obtained 
mutant enzyme had a specific activity indistinguishable 
from the wild-type enzyme (manuscript in preparation). 
The presence of the threonine N-terminus was confirmed 
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Figure 1. Insertion of the m ^/Y 
expreMibn.yector: .A/the jki^^ 

to the CPG2,gene and the nucleotides involved in the mutation 
of Ala (wild-type)' to Thri-'B; restriction enzyirie map of tlie 
expression vector pMTLS^ 23. indicating tht inserUonal sites of 
CPG2 gene..-. • ; :. - _ ^'.'V-. ■ .. 

by;pulsed^liquid:phase N-tenninal:sequencing on an ABI 
: 477 . sequencer,: TI:.r mass observed by -ESMS was 
; 41. 727:29 i:>a:i:;3;47 (expected 41 725.8 Da). r V " vv 
Periodate Oxidation of N-Terminal Threonine. 
The carbojcypeptidase G2 mutant possessing N-tiehhmal 
threonine was buffer-exchanged ;into fresWy mide 0:1 M 
• ^^^4HC03 by ge! filtration on a fast desalting cblumii or 
a NAP-5 column (Pha^ It was tJhen concfentrate^^ 
on a Centri{>rep 10 concentrator (eirtensi vely washed; ^ : 
General Methods) tb about 8.4 nig/mL. All es^^ 
CPG2 concentrations and quantities given in this paper 
are based'on optical density at 280 nih; assuihing'an - 
absorption of 0.4 AU for a 1 mg/mL solution. A concen- 
tration, of 8.4 mg/mL corresponds to about 200 /imol/L 
N-termirial Thr. Thirty equiv of methionine (0.2 M in - 
water) were added followed by 10 equiv of periodic acid 
(20 mM in.O.rM NH4HCO3). After 10 min at room 
temper ature, the reaction was stopped by addition of 0:5 
M l,3-diaminopropan-2-ol (in 90% 1,4-butanediol) togive 
a final concentration of 50 mM. After a further 20 min 
at room temperature, the protein was separated from 
excess reagents and small molecular w ight aldehydes 
by gel filtration on a fast desalting column in 0.1 M 
sodium acetate pH 4.6 (0.1 M sodium acetate. pH 
adjusted to 4.6 with acetic acid). The aldehydic protein 
was then concentrated to 10 mg/mL and could be kept 
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Figure 2. SDS-PAGE analysis of the oxidation of CPG2 and 
Its conjugation with DAI^arbbhydrazide: lane 1, 75 uM CPG2 
20 equiv of periodate, 10 min; lane 2, 78 //M CPG2. 10 equiv of 
periodate. 20 min; lane 3. 78 /<M CPG2, 10 equiv of periodate 
"^^^'^ CPG2, 10 equiv of periodate, 5 min; lane 
6, 75 //M CPG2, 20 equiv of periodate, 10 miri; lane 7, 80 /iM 
I^PG2 not oxidized incubated with 20 equiv of DAI-carbo- 
hydrazide; lane 8, 80 //M CPG2 not oxidized. Lanes 2-6- CPG2 
was incubated with 20 equiv of DAI-carbohydrazide after 
oxidation.. ... . 

at 4 from 1 to 14 days until needed for the conjugation. 
The mass of the aldehydic protein observed by ESMS was 
,41 713:44 ± 7.37 (see Discussion). , : 

TheTeactivity.of the* aldehyde was checked by incuba- 
tion of 1 to-.2 ://L of sodium acetate pH 4.6 containing 
about O.i; hmol of oxidized CPG2 (8.4 /yg of protein; 0 2 
nmol of aldehyde as the protein is a hoirnodimer (Sher- 
- wbo*et alTi^l985))Mif.h 4/ijL of the same buffer containing - 
1 nmol per of des-AJa^^"-insulin carrying a carbo- 
hydrazide group on the C-terminus of the B chain (DAI- 
carbohydrazide),. The DAI-carbohydrazide was prepared 
by reverse proteolysis as previously described (Rose et 
>!.. 19911. \>^r:20 h at 37:^0, the samples Were analyzed 
by SDS-PAGErand the degree of conjugation between - 
; the oxidized. en?yme and. the insulin derivative gave a : 
measure of the .aldehydic Reactivity of the former. 

Digestion with Lysyl Endopeptidase. Four 1-mL 
portions of the ASB? solution (see Materials) were buffer-. 
exchangedvintO'50 m^J Tris pH 8.4 (pH adjusted with 
HCU by gel filtration on ja fast desalting column arid. then' 
cpncentrated on a Centriprep 10 to a final concentration 
of about,5,mg/mL (the concentration of A5B7 antibody 
and,of ite fragnients was estimated from the. optical 
density at 280 . nm assuming an absorption of 1.25: AU 
for a l.mg/mL solution). ' Lysyl endopepttidase (10 mg/ 
ml in- water) ->vafi ^added: to give a 3% Ww enzyme^ 
substrate;;i-atio and the mixture incubated at 37 °C for 
about 20^h. ■ / > , . . 

IonrEx<change Chromatography, After centrifu^^^ 
tion in a benchrtop centrifuge to remove some precipitate 
the digest was diluted with 4 volumes of 50 mM sodium 
acetate pH 4.6 (adjusted with HCl) and loaded on a SP- 
tnsacryl column (10- x 1.5-cm diameter) equilibrated in 
the same buffer.. The column was washed with the same 
buffer andideveloped with a 400-mL salt gradient from / 
0 to 400 mM NaCl, still in the same buffer, at a flow rate 
of 0.34 mL/min. The fractions containing F(ab')2 were 
pooled, concentrated, buffer-exchanged into 10 mM 
Tns-HCl pH 8,0 on the fast desalting column, and 
concentrated again. The typical yield of this preparation 
was 35-40% of the theoretical maximum for F(ab')2. 

Reverse Proteolysis. Solid carbohydrazide was added 
to the purified F(ab')2 (typically about 5 mg protein in 
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700 /iL 10 mM tris pH 8.0) to get a final carbohydrazide 
concentration of 2.5 M. The pH was then lowered to 5 5 
by adaition of glacial acetic acid prior to addition of lysyl 
ondopeptidase ( 10 mg/mL in water. enzyme:F(ab')2 ratio 
of 57r w/w). llie amounts of carbohydrazide and acetic 
acid were calculated as follows: the sum of the volumes 
in iiU of the F(ab')2 and of the enzyme solutions was 
multiplied by 0.265 to obtain the amount of carbo- 
hydrazide ( in mg) and by 0.023 to obtain the amount of 
acetic acid (in pL) required. These quantities had been 
determined by tests, on larger volumes without protein 
and take into account the volume increase due to carbo- 
hydrazide. The mixture was allowed to stand at room 
temperature for 3 h whereupon the reaction was stopped 
oy addition of trasylol ( iOO mg/mL in water, 30-fold mass 
excess over the lysyl endopeptidase). The mixture was 
then gel-filtered on a Superose 12 column in 0 1 M 
sodium acetate pH.4,6 (adjusted with acetic acid) at a 
now rate of 0:6 mL/min. The peak corresponding tb 
F(ab )2 was collected in a tube containing Trasylol (10- 
fold mass excess over the quantity of peptidase used for 
the reverse proteolysis), concentrated, and made 10 mM 
in urea by adding 1 M urea in water. After 1 h at room 
temperature, the sample was desalted on a fast desalting 
column equilibrated in the. same sodium acetate buffer. 
The protein recovery was quantitative. 

The incorporation of carbohydrazide was quantified by 
inciibaUng 100 «g of F(ab')2- carbohydrazide with'5 nmol 
,of C=GHCeH4-m-CH=NOCH2e0.ferrioxamine labeled • 
with ;'*»Fe, as dbscribed by^^ ^ • 

Cot^ugatioii (Hydrazpbe Foi^ The F(ab')2^ 

carbohydrazide . obtiained as described above was ' mixed 
with the aldehydic CPG2 (0:8 mg of CPG2 for 1 mg 'of 
-i^KK^^^^^^^^^^ which corresponds tb about four 
aldehyde groups per hydrazide): TKe mixture was co^^^^^ 
centrated in a Centriprep 10 concentrator to- a final 
volume about 700 >/L , and was then alloWed t6^^tand 
.,atxoom temperature: for about 60 h, after Which tim^ it . 
was gel filtered ;(in4w6 portions) bii Superb.se 12 in 
phosphaterBufiferedrsaliniB (PBS: 8 g/L of NaCP 6 2 e/L ^ 
of KCl; 'r.44'g/L pf NaiHP0>2H^^ O.^^^ofkHaPa; 
pH 7.4) at a now rate of 0.4 mL/miri: Tlie fractiofis " 
containing the conjugate were.pobled'ind concentrated 
in a Centriprep 10 cpncentrator. the conjugate can be 
^stored^t^^20;;G; The yieldfibf the coiVjugdtioiT Ws ^ 
•typically about 337r:VTT>e 'overall yield of tlfe^^^^ 
^preparation was 10- i59r based on st4irting IgG arid 30% '' ' 
• based on startinjg CP^^ " V r^ ; - ^ t 

REsui^rsv^D-bi^cus^idN *: ;v - ' ' 

Preparatiorr of Aldehydic An aldehyde 

group was ihtirocluced' at the N-terminus of carbo'xypep- - 
tidase G2. Tlie homodiitieric miitant; Which^had threo- 
nine N-t^rminal; was subjected to mild oxidation at pH ' • 
8.3 (the pH of freshly prepared 6.1 M NH4HC03)'With 
10 molar equiv of periodic acid per N-terminal Thr (i e' 
20 equiv; per molecule of the dimeric ehzjroe). The 
presence of the aldehyde was detected by the formation - 
of a hydrazone with DAI-^carbohydrazide: after 20 h at ■ 
pH 4.6 and 37 °C, analysis by SDS-PAGE shows that 
while in a nqnoxidized control, the enzyme still migrates 
as a single band at 41 kDa (Figure 2; lane 7). reaction 
with oxidized enzyme leads to two bands (lane 2-6). the 
lower band repmqeniing less than {yO% of the .staining 
intensity, corresponds to the unconjugated enzyme, while 
the upper band corresponds to the CPG2-DAI conjugate. 
This result shows that N-termini of both siibunits of 
CPG2 are accessible to the oxidation and hydrazone 
formation with DAI-carbohydrazide. 
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The enzymic activity of CPG2 was not altered by the 
oxidation of N-terminal threonine: the specific activity 
of the oxidized enzyme was found to be 126 U/mg which 
IS not significantly different from the 131 U/mg of the 
unoxidized mutant enzyme. It is thus possible to intro- 
duce an aldehyde at the N-terminus of the CPG2 without 
altering its activity. 

u ^S^ciiSo ^^^^^ unoxidized enzymes were analyzed 
by ESMS. For the unoxidized mutant enzyme, the 
observed mass (41 727.29 Da ± 3.47) was in agreement 
with the expected mass (41 725.8 Da). For the oxidized 
enzyme, the observed mass (41 713.44 Da ± 7,37) w i 
significantly higher than the expected mass for the 
a dehydic protein (41 680.8 Da) and for the hydrated 
aldehyde (41 698.8), but was in agreement with the liiass 
expected for the methanol hemiacetal of the aldehydic 
enzyme (41 713.8 Da). The hemiacetal was seen instead 
of the aldehyde because for ESMS analysis the samples 
were diluted to produce a solvent mixture containing 
water/ihethanol/acetic acid (49.5:49.5:1, by volume). The 
oxidation of the N-terminal Thr to an aldehyde could thus 
be achieved without affecting other groups in th^ protein 
Geoghegan and Stroh (1992) studied the oxidation of 
a peptide containing Tyr, His. Met, and Trp at slightly 
basic pH, such as we use: only methionine was seen to 
be affected, and that only to a very slight degree 
Cysteine was not tested, but is not of interest here since 
; CPG2 does not contain cysteine. To^= protect the six ^ 
methionine residues contained in CPG2 (Miriton et al., 
1984), the oxidation was performed in presence of a 30- 
fold excess of methionine. There were thus five molecules ' 
of free methipninef for each methioriyl residue in the ^ 
protein and 3 mol of:methioriihe>er mole of periodate 
' added: This tactic has been shown to prevent oxidation ' 
. .9^ the Met. r^^^^ G-CSFj under similar cbhaitions • 

to those described here (Gaertner et ai., 1993)7^ 

It is important to avoid contamination of the oxidation 
-solution by the glycerol present as a preserving agent on - - 
the cpncentrator membrane. The extensive washing ^ 
procedure described is sufficient for tHis^pu^posc; in that 
oxidation' succeeded where it had previously failed with- - : 
out the wash : . - ' ''^ \ ./ * ' 

In, other experiments (data not shovirri). variations i^ ' 
protein -concehtration (40 to 200 //mbl/L in' terms of T 
N-tenninal Thr). and excess of periodate (5 to 20-fold) ^ 
.gavesimilar^^^^^^ in the conjugation; test with DAI- ' 
carbohydrazide and had no effect on the erizyitiic activity - 
^ ofthe^owdize The procedure described in the" ^ 

Experimental section was found to work routinely leading i 
to a conjugation With DAI -carbohydrazide close.to 90% 
as determined by SDS-PAGE; ' ' V i \ . , 

I*reparati6n of F(ab')2-C^ 
antibody; which is a murine IgiGl c^n be" slowly ' ' 
digested. tb a;F(ab'), fragment with lysyl eiidopeptidase 
at pH 8.4. It IS important to remove inUct' antibody at 
this stage because it is more difficult to remove it from 
the final conjugate. The F(ab')2 was tHus purified by : 
cation-exchange -chromatography. Afer purification, the ^ 
I<(ab.)2 was transferred to a buffer with low salt. td avoid 
any^interference of sodium ions (from the salt gradient) 
with the reverse proteolysis: sodium ions are known to 
inhibit cleavage by lysyl endopeptidase (Ki = 15 mM 
techmcal information sheet from Wako) even if this effect 
has not been proven for reverse proteolysis. 

Reverse proteolysis was then performed as described 
in th Experimental Section. The conditions are the 
optimal conditions of(Fischetal., 1992). It is important 
to keep the F(ab')2-carbohydrazide, once isolated, in the 
presence of a large excess of Trasylol to avoid the action 
of traces of lysyl endopeptidase which would cleave the 
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- ^?S-P^GE analysis of ^he conjugation of F(ab')2- 
carbohydrazide with oxidized CPGi:: lane 1. F(ab')2 -carbo- 
hydrazide withoinoxidized CPG2; lane 2, contro F(ab'MreVe^ 
proteolysis with TrasyloLinstea^ 

ojamzed CPG2 ane 3 F(ab').-carbohydrazidrwith olS 
CPG2; lane 4 F(ab'),; lane 5; IgG; lane 6, purified coniuffate 
lane 7, oxidized CPG2 incubated with 1 equiv of carbohyffll: 

carbohydrazide once the conditions forcing the. equilib- 
rium in favor of synthesis (pH 5.5 and 2.5 M carbo- 
nydrazide) no longer remain. 

'^icaliyi the incorporation of carbohydrazide obtained 
with antibody >A5B7 is' about 0.5 carbohydrazide per 
i- tabjaras determined by incorporation of ^^^Fe labeled 
aldehyde. . If, as expected, the distribution of FCab'io- 

' F(ab ):i -carbohydrazide; F( ab')2-( carbohydrazide )2 ^fdl^ • 
lows a bmomialdistributiorij this cbn-esponds to 56% 
unniodiTied F(ab')^ 37% of F(ab:)2-carbohydraz"iae. and' 

. b% hiab )2-(carbohydrazide)2. The-species we arb most • 
interested m is the monocarbohydrazide derivative be- 
cause It should lead to a single conjugate with a mono-' 
valent partner ( seie later).-The jdeJd of this spedes would ' 
be optimal at: 1 carbohydrazide per F(ab^)2, -but then the 
proportion of dicarbohydrazide derivative woiild be 25% 
In. principle; vthe unmodified : F(ab) 2 can' be fec^cled ' * 
(recoupled with carbohydrazide) but this was not at- 
tempted. • ^- .v - V'/ . 

by ESMS after reduction of disulfide bridges by dialysis ' - 
in 10 mM Aithibthreitoi; : In all three samplesj-two main- 
signals were obtained corresponding to th^llight arid 
heavy chain: The light chain had the same mass iri^all 
three samples (23 183-23 194 Da) indicating' that the 
light chain is not m9difie(d by this procedure. The heavy 
chain mass was 26 416 Da in the F(ab)'2 and'26 489 Da 
in the F(abK2H:arbohydi;azide. The '73-Da^^diflFerence - 
between the two heavy chains is in agreement With the ■ ' 
72-Ua 'increment c^xpected by the incorporation 'of one - 1 
carbohydrazide. . • ' ^ ^ v.v . V . . 

Coi^ugatioh.' SDS-PAGE (see Figure 3. !lane< 3) 
shows that a; conjugate: with a mass of 147 kDa is ■ 
produced- when F(ab')2 after reverse proteolysis is incu- 
bated with 1 equiv of oxidizied mutant CPG2 dirtier 
4 aldehyde per hydrazine) at pH 4.6 for (50 h at rooni 
temperature. In contrast, no conjugate is "forined when 
the same F(ab'>^ is incubated with unoxidized CPG2 (lane 
1) or if oxidized;CPG2 is incubated with F(ab')2 that has 
been incubated in 2:5 M carbohydrazide as for reverse 
proteolysis but with the lysyl endopeptidase replaced bv 
Trasylol (lane 2). 

When analyzed by gel filtration ■ the conjugation mix- 
ture gives the profile shown in Figure 4a: a shoulder (A) 
and three peaks (B-D). Gel electrophoresis of these 
fractions (Figure 4b) shows that peak B corresponds to 
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Figured. Ma) Punficatio^ of the F(a6')i^GPGi'corijugate on 
Sui»rosea2:s *A; Bhbulder coritaining aggre^^ and 
conjuga^sjif higher molecular weight; B, peak containing th^ . 
* ' J *^'y"Sat«; C, peak containing.uhreactecl F(ab')2 

, and CPG2; p. Trjisylol.. (b) SDS-PAGE analysis of the Sup^rose 
12 fractions of the conjugation: lane 1, peak C; lane 2; peak B; ; 
lane 3;'shou|de^^^^^ CPG2; lane 5/F(ab')it.'' : ' 

the cohjugatelOane 2: observed 147 i kD^.vexpected- 
.153. kDia J, .Since one of the two enzyme subunits is 
nohcoyalehtly linked to the conjugate; the'other major 
band in lahe 2, corresponding to free ehzj^ne. was ti) be ' 
^P&jt^dr JPea^ C corresponds to unreacted F(ab)'2 anjd 
CFG2 (lane; 1). vEleclrophoresis for a 'shorter time (not 
shown) indicated that peak D contains the Trasylol 
(appro)^.. 6, kDa) which was present to prevent the 
F(ab)'2-carbohyarazide being converted back to F(ab)'2 
by residual, traces of protease. The shoulder' A (lane 3) 
also contained a. little coiyugate and we suppose that it 
might in addition contain more complex conjugates 
where, for instance, two F(ab)'2 are linked to a CPG2 
dimer (or two CPG2 dimers linked to one F(ab)'2). 

If one incubates the oxidized enzyme with 1 eqiiiv of. 
carbohydrazide at pH 4.6, a new band is seen, cor- 
responding to an apparent Mr of 83 kDa (Figure 3, lane 
7) The simplest explanation of this band is that two 
aldehydic subunits (42 kDa) have been covalently linked 



Figure 5. Characterization of the Ffab'iii-CPG2 conjugate bv 
SDS-PAGE: lane 1. CPG2; lane 2, reduced and'carbox^ 
methylated Ffab'l-^- lane 3,. reduced and carboxymethylated 
conjugate; lane 4, reduced and carboxymethylated IgG, lane 5 ' 
reduced and carboxymethylated molecular weight markers. 

through hydrazone bonds by a single carbohydrazide 
. molecule. Since the new component elutes from Superose 
12 under nondenaturihg conditions at a position cor- 
^ responding to approximately 160 kDa, the mostvlikely 
hypothesis is that it cciisists of two dimers linked by a 
single covaleht bond: dissociation in SDS would then give 
both the 83-kDA iahc;;;^he42^kD what is 

sefen'. ~' - ' V ' -^'A'f S'%V-Sr'''^^r:-r^ - ■ :■ 

SDS-PAGE '^naiife^s ^dil^e^ri^^ of the ^ 

conjugate showedi jfesame^ 83^:1^0^ 
significant extent; (^ata ''^^^ 

"that some ^arbohydrazide^fiaid feii-^^^i^^ ih the*^ 

conjugate reaction mixturCi halving been noncovalently 
bound to the F(ab);jT^carb6hy^^^ 

; accompahy it on geKfikratip^^ 

m the; previous^p^gr^ph^^ th^ \wy:small qtiariii- 
ties of carbbhyd^ziye^^w^ prdrhote the : 

fonnatioribfthe crbs^^^ Thenoncovalerit ' 

binding must be quite strong, since repeated gel filtration 
did not suffice to solve this problem. ThereforeV based 
on the structural similarity between carbohydrazide (C6^ 

; (NHNH2J2)''arid urea; we soii^^^ to dispIacevtHe'carbp-* 

- hydrazide by pretreatitient bf the F(abr2Tcm-bohydrazlde ^ 
with a dilute sblution-brurea (10 mMi This^opei^ition V 

; had the hoped-fpr>esult. efiectively abdlishmg'the 83-;-^ 
kDa band in Analyses o^ It was .^ssehtiif: • ^ 

.to .cariy out .this urea^^^^^^^ since' the cross-linked 

enzyme cbeluteswitHtKec6hjuga ' 
not shown ) a^nd it would have persisted as a cbntarninant.: 
Charactenzatioh of the Goi^ugate^^ the purified 
conjugate was :also- analyzed b 

(Figure 5), On rediifcing SDS-PAGE (Figure 5 ■ 
the conjugate shows; a^ expected, four bands: bhe at 70' 
± 5 kDa corresponding to the truncated heavy chain', 
linked to a ePG2; siibunit, a second at 41 kDa cor- 
responding to the noncovalently bound GPG2 suburiit, a 
third at 28 i 2 kDa corresponding to the uhcorijiigated 
truncated heavy chain (present in reduced F(ab')2, lane 
2, but hot in reduced IgG, lane 4), and a fourth at 26 ± 
2 kDa corresponding to the intact antibody light chain 
(present in reduced F(ab')2 and in reduced IgG). 

The majority of the coryugate appears to have the 
wanted structure of one F(ab')2 linked to one CPG2 dimer. 
On strong overloaded nonreducing gels, (a faint band ' 
seen at 185 kDa indicates some small quantities of larger 
structures (two molecules of F(ab')2 or two of CPG2 
dimer). Given the fact that there are two aldehydic 
groups per CPG2 dimer (one per subunit) and some 
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Figurer 6. ^ . Stability of * the Flab'J^-ePCiZ' conjugate The 
.conjugate a.,4 mg/mL in PBS, pH 7.4).wks incubated^at 37 
for the,indicated time and then analyzed on Superc^ea?. . . 

Ffab')2 molecules have two carbohydrazide groupi, it is 
not: surprising to see them. That they arefound in only: 
: relatively small amounts is probably due to steric hin- 
drance between the close pairs of ideiitical reactive 
■jgrpi^ps;..,, ■■■ . 

Figure 6 shows the stability of the conjugate when 
incubated at Sy.'JC at pH 7.4. Peak B (the conjugate with 
the one. F(ab')2.. linked to one CPG2 diiher stucture) 
diminishes ^lowly in favor of the shoulder, suggesting 
that an equilibrium exists between the^wanted conjugate 
and conjugates of higher molecular weight. - After 1 day 
or more, both peak B and the shoulder decrease in favor 
of peak C suggesting that the hydrazone bond is very 
slowly hydrolyzed. No significant changes are seen on 
SDS-PAGE after up to 24 h at pH 7.4 and 37^C*(data 
not shown). The rate of decomposition is slow enough 
Ani?^^^ ^ obstacle to the use of the conjugate in 
ADEPT. Indeed, preliminary experiments in the nude- 
mouse xenograft system (data not showTi) show a clear 
therapeutic effect of this conjugate. 

As a confirmation of the proposed structure of the 
conjugate. Figure 7 shows that the bond between the 



— -F(ab')2 



-CPG2 



Figure 7. SDS-PAGE analysis of the digestion of the conju 
gale. r(au w-v^rGi (i.2 fiiK>'iiiL; was incubated with iysyl 



9.1 op. I- 



eiiuupcptmiiae i i vv, vv > in V\ytj .'pM 7.4; at o t 

min; lane 2, 30 min; lane 3, undigested conjugate. 



ijsyi 

iC 1 



F(ab h and the CPG2 is the one most susceptible to lysyl 
endopeptidase m the conjugate: it can be cleaved by 1% 
Achromobacter protease in 30 min before the CPG2 is 
degraded. Under.these conditions, the F(ab'), is resistant 
to proteolysis. 

A^}\J enzymic activity of the conjugate was found to be 
45 U/mg conjugate which corresponds to 101 U/mg CPG2 
This represents of the activity of the unmodified 
mutant CPG2, 

; The binding activity of the conjugate was found to be 
122 ± 43*;^ (mean ± SD for 4 conjugate samples) in a 
competitive binding assay where the ability of the 

conjugate to compete with binding of an A5B7-alkalih^^ 
;V.. phosphatase conjugate to CEA is compared with intact 
' : ; A5B7. Thus, the A5B7 F(ab'>2-CPG2 conjugate prepared 
V- by reverse proteolysis retains full binding activity. Simi-\ 
lar conjugates" prepared using conventional linker tech- 
nology-only retain approximately 70% binding actiivily"'' 
; in this assay suggesting that the head-to-tail conjugation- 

V described here leads , to improved retention of antigen 

-; - binding activity over conventional linker technology: > ^ 

V. .CONCLUSION. V ,\\ ,. . • . .-^ '^f^V. ' 

The linking of a large antibody fragment to a homo- " 

V -dimeric enzyme can potentially yield a very complex . 
■ mixture of products. Restriction of protein modification 

to the C-terminus of the heavy chain of the antibody 
r fragment, and to the N-terminus of the enzyme subunit, 
. limits the number of possible products and permit;ted u^ 
: to prepare :.r h 
' Ffab^Jii-liketragnientofihe/mdn 

- IgGl A5B7 -and a mutant of carboxypeptidase Q2 wit^ 

- retention of both the an tig^en Binding and the '^nzyriiib 
activity. ; • ■ - - -V;/ '. 
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